The effect of retrogression and reaging heat treatment on microstructure evolution andmechanical properties of 7075 Al alloy in direct chilling casting process was investigated. The subsequent heat treatment process comprised pre-aging at 120°C for 24 h, retrogression at 180°C for 30 min, and then reaging at 120°C for 24 h. By this three-step process, the mechanical properties of the chilled casted samples were substantially improved. The samples retain their high strength at T6 level. They gave yield strength up to 290 MPa, ultimate tensile strength of 386 MPa and elongation of 5.9%. The average value of multiple Vickers hardness tests results were in the range of 210 Hv. The direct chilling process followed by retrogression and reaging heat treatment yielded casts of fine and uniform microstructure as opposed to the microstructure of samples casted by the conventional process.
The 7000 series aluminum alloys have been widely used in aircraft structure material because of their high strength/density ratio [1] . Recently, the production of these alloys by direct chill casting attracted great attention of many researchers. So far, most of researches on aluminum alloys have been focusing on forming at solid state. This technique is proven to be more efficient and produces high quality ingots [2] .These series of alloys provide high strength in the T6 temper but are prone to local corrosion [3] . By over-aging, the stress corrosion resistance can be improved, but the strength may be decreased by 10%-20 %. For this reason, a lot of researches on mechanism of stress corrosion resistance and on the improvement of heat treatment technology were carried out [4, 5] . Hence, the heat treatment regimes of T73, T74, T76 and T77 were developed successively. In order to compromise the mechanical strength and corrosion resistance, replacement of the traditional twostep heat treatment of these alloys by a three-step heat treatment has been proposed. It is called the retrogression and reaging heat treatment RRA, which has been shown to offer a stress-corrosion resistance as good as that of a T76 heat treatment, while offering strength comparable to that of a T6 temper [6] . The RRA treatment consists of the first aging and the reaging with a retrogression step between them. The first aging corresponds to the T6 temper. The retrogression consists of a partial annealing at temperatures usually between 180 and 240 °C for 5-2400 s, followed by water quenching. Finally, the alloy is reaged at conditions similar to T6 temper. These changes result in the formation and growth of η′(MgZn2) precipitates along the grain boundaries. The researchers thought that such microstructure evolutions are beneficial to both stress corrosion cracking (SCC) resistance and mechanical strength [7, 8] .
Moreover, previous work [5, 9] showed that repetitive RRA temper could further improve stress corrosion cracking (SCC) resistance without the loss of strength compared with RRA temper.
However, So far, the majority of researchers were focusing on the production of Al-alloys by conventional casting techniques followed by the RRA. The goal of this study is to examine the impact of direct chill casting incorporated with RRA on the microstructure and mechanical properties of AA7075 Al alloy.
The present study was carried out on aluminum alloy AA7075-T651 provided by ALCAN GLOBAL AEROSPACE. Its chemical composition is listed in Table 1 . The material was received as 13mm thick and of 20mm width slabs. The alloy composition analysis was carried out using the arc-spark spectrometer, SPECTROMA At the beginning, the AA7075 alloy was re-melted in graphite crucible at 780°C in electrical resistance furnace. The melt was held for 5-10 min. simultaneously, the steel mold was preheated to 300°C. Then cast charge was placed into the (150L* 30W *20H) mm steel mold. This mold is part of the direct chilling casting (DCC) assembly and it rests on bottom block of good thermal conductive metal such as Cu. The mold is cooled by water sprayer directed to the mold shell. The cooling water extracts heat from the Al liquid metal at cooling rate of -288⁰C /sec. The schematic diagram of the direct chilling casting process is represented in Fig.1 [10] . After DCC, the alloys were solution heat treated according to the details listed in Table 2 . After each step of the solution heat treatment or the RRA, the specimens were quenched in water at 25⁰C. The Vickers micro hardness measurements were carried out on the specimens according to ASTM E92-82, "Mitutoyo DX256 series". Indentation force was set to 30N and 10 second dwelled time. Each reading was an average of at least ten separate measurements taken at random places on the surface of the specimens.
Tensile test was carried out at ambient temperature on plate tensile specimens using INSTRON testing machine at a ram speed of 10mm/min. and a load of 500kN. The tensile test specimens were made according to ASTM B557M-02a.
The microstructures were analyzed by optical microscopy (OM) using the "Olympus BX41 reflected light". The specimens were cut from the position of ½ heights of the ingot, ground and polished according to ASTM E3-01. Grain size analysis was carried out using the linear intercept method. Multi measurements were conducted and the average grain size result was adopted. Fig.3 shows the microstructure of the as-quenched AA 7075 Al-alloy. It consists of primary dendrites of aluminum-rich solid solution and an interdendritic network of intermetallic compounds around the primary grains. Additionally, there are fine equiaxed grains contain columnar grains between them. However, the DC casts have fine equiaxed grain structure throughout their entire cross sections of average grain size of about 47µm. The grain refinement is attributed to the effectiveness of the nucleation rate during solidification. A comparison between the 250µm grain size of the as received Al alloy and the outcome of the DCC process reveals the effectiveness of the DCC process on grain refinement and eventually on mechanical properties [11] .
It can be seen that the grain boundaries are decorated by large, irregular eutectic phases and intermetallic particles that had a detrimental effect on mechanical properties of the alloy. Xinyu et al, [12] reported that plenty of heterogeneous MgZn precipitates formed during the fast cooling of the ingots, mostly observed around the grain boundaries. Alloying element (MgZn) precipitated gradually from matrix during the fast cooling stage, as these two elements are within the main chemical composition of AA 7075 alloy as shown in Table 1 and according to literatures [7, 15] MgZn phase probably responsible for strengthening of the Al alloy after heat treatment. Therefore, it was necessary to eliminate them effectively throughout the subsequent homogenization and solution treatment.
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Fig .4 shows the optical microstructure of 7075 Al-alloy T6 specimen. It can be seen that by prolonging homogenization time as in Table2 (1) and ageing treatment time as in Table 2 (3).The volume fraction of the dendritic-network structure is reduced gradually. The non-equilibrium phases at the grain boundaries dissolve gradually with increasing the heat treatments time. The main precipitations with a homogeneous distribution of fine precipitates in the matrix are GP zones and η′ phase after 120 °C, 24 h aging treatment. The precipitation on the grain boundary with continuous distribution is mainly η′ phase according to [14] .
The optical graph in Fig .5 shows the microstructure of AA 7075 Al-alloy retrogressed and reaged specimen. It can be seen that the grain size is slightly coarsened and sparse as compared to that of T6. Therefore, a large number of GP zones and η′ phases which are smaller than the critical size are re-dissolved during the early stages of the retrogression step. With the increase of retrogression time, the un-dissolved GP zones transform into phase. As the time increased, this phase grows up gradually and become an incoherent phase with the matrix especially for more than 45 min as reported by [1, 7] . Additionally, the phase becomes much coarser. Finally, the number of nucleus that can promote re-precipitation of GP zones and phase in the re-aging step is decreased, and it becomes difficult for GP zones and η′ phase to precipitate out of the matrix in the re-aging step. 6 shows the results of tensile strength of different AA7075 Al-alloy specimens through different conditions. It can be seen the yield tensile strength (YTS) of the as received specimen was about 570MPa with elongation of 6%. While the YTS the direct chilled as quenched specimen was about 180MPa. This large discrepancy is due to the intermetallic particles with dendritic network as shown in Fig .2 . It is also due to the higher porosity level in the quenched samples as opposed to that of as received material. The relatively high porosity level in the samples of this study is due to lack of other process which is the extrusion of the direct chilled cast samples. The small difference in the elongation values in the tested samples compared to that of their YTS and UTS reflects the differences in their porosity levels. We only compare among the samples after direct chill casting to indicate its effects with heat treatments (T6, RRA) not for the as received alloy.
On the other hand, the YTS for the T6 tempered specimens showed the positive impact of the heat treatment on the strength of the as quenched samples. This improvement is due to the strengthening mechanism by the G.P. zones and their coherency with the matrix. Usually, in the T6 temper, the precipitates inside the grains are fine and the G.P. zones are homogenously distributed [4] . The gain in the strength in T6 temper is attributed to the interactions between precipitates and dislocations, whether in shearing and/or by-passing. However, both mechanisms improve strength, the only difference between them are in fracture toughness levels in the heat treated sample [13] .
It can be noticed that the YTS for RRA tempered specimens showed additional improvement in the YTS of about 25% as compared to the T6 tempered specimens. During retrogression, the resolution and transformation level of GP zones and phases are properly remained, which promotes the re-precipitation of GP zones and phases during re-aging. Consequently, high strength can be attained after the RRA treatment. This improvement might be explained the increase in volume fraction of GP zones and especially ƞ′ precipitates over both pre-aging and retrogression condition. The remained GP zones during retrogression can act as nucleation sites for ƞ′phase. Furthermore, the dissolution of GP zones enriches the matrix in Zn and Mg. This increases the degree of supersaturation of matrix in turn promotes the nucleation and growth of the ƞ′ phase. This can be occurred in case of material retrogressed for long time (as 17 min, 45 min). In our case, the retrogression time was 30 min (Table 2 (3)) which fall within the same range [1, 7] . Fig .7 shows the variations of the Vickers hardness of AA7075 Al-alloy specimens at different conditions. It is obvious that the highest hardness is obtained by retrogression and reaging which was about 210 HV. Principally the hardness depends on the ageing precipitation behavior, which includes the size, microstructure morphology, porosity level and the distribution of precipitates in the matrix during the ageing process. Fig. 6 Variations of the tensile strength for specimens of AA 7075 alloy after different heat treatment conditions. The high tensile strength value of the as received samples is attributed to the extensive extrusion process the alloy has been undergone. In this study no extrusion process had been conducted yet. The direct chill casting technique has refined grains of average size of 47µm much better than the conventional casting processes for the production AA7075 Al-alloys.
2.
The RRA treatment improved the yield strength even more than what the T6 temper did; it pushed the ultimate tensile strength to a higher level. UTS of 386Mpa with elongation of 5.9% and Vickers hardness of 210 were attained by the application of this process. 3.
The best combination between UTS and elongation is achieved through the RRA treatment (120°C/24h +180°C/0.5h+120°C/24h). 
